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ABSTRACT
We apply novel atomistic simulations based on potential energy surface exploration to investigate the constant 
force-induced unfolding of ubiquitin. We fi rst report new unfolding mechanisms at the experimentally applied force 
of 100 pN and demonstrate that these events occur at lower clamping forces where thermal energy has a larger 
effect. We further report, in contrast to earlier single molecule constant force experiments, that when the clamping 
force becomes smaller than ~300 pN, the number of intermediate confi gurations increases dramatically, where 
almost all unfolding events at 100 pN involve an intermediate confi guration. By directly calculating the life times of 
the intermediate confi gurations from the height of the barriers that were crossed on the potential energy surface, 
we demonstrate that these intermediate states were likely not observed experimentally due to their lifetimes being 
about one order of magnitude smaller than the available experimental temporal resolution.
